Objective. This study evaluated the construct validity of the 12-Item Short Form Survey Instrument (SF-12) in a cohort of American Indian and Alaska Native (AIAN) people. We evaluated two scoring methods to determine their utility in this population. Methods. Participants (N511,127) were aged 18 and older, self-identified as AIAN, and had complete SF-12 interview data. Physical and mental health summary scores were calculated using traditional SF-12 (PCS12 and MCS12) and RAND-12 (PHC and MHC) scoring methods. results. Women scored lower than men on the PHC, PCS12, MHC, and MCS12, as did those with more medical conditions versus none. Those aged 55 and older scored lower on the PHC and PCS12 than younger people. There was no difference in the mean MCS12 score by age and for those 31-55 and aged older than 55 for the MHC. Conclusions. This study demonstrates the construct validity of the PCS12/MCS12 and PHC/MHC in a cohort of AIAN people.
DHQ
H ealth status questionnaires are commonly used in clinical and epidemiologic studies to measure health-related quality of life and its relationship to health outcomes. 1 Given the importance of accurately measuring health status, it is critical that we have valid questionnaires to access the health status of American Indian and Alaska Native (AIAN) people in light of increasing obesity and chronic disease rates among AIAN. [2] [3] [4] A recent study of almost 4,000 AIAN adults living in Alaska found a higher prevalence of chronic disease risk factors compared to the U.S. population based on the National Health and Nutrition Examination Survey (NHANES) data. 5 Comparison of AIAN and U.S. non-Hispanic White populations who were 55-64 years and died between 2002-2004 showed AIAN populations had higher death rates for numerous conditions. American Indian and Alaska Native people had higher death rates from heart disease, diabetes, chronic liver disease, injuries, respiratory diseases, kidney diseases, and stoke than their non-Hispanic White counterparts. 6 The Medical Outcomes Study Short-Form (SF) set of measures (SF-36, SF-12) developed by Ware et al. are commonly used measures of health-related quality of life. To separate the physical and mental dimensions, Ware et al. posited that the physical and mental health summary scales should not be correlated. To do this, the summary scores were developed using orthogonal factor rotations within principle component factor analysis. [7] [8] [9] [10] Factor score coefficients or loadings were based on how much each of the eight subscales contributed to a either the physical or mental dimension factor.
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The result of this analysis yielded factor score coefficients for the Physical Component Summary (PCS) that were positive for the summary scores in the physical domain (physical functioning, role-physical, bodily pain, and general health) and negative for the summary scores in the mental health domain (vitality, social functioning, roleemotional, and mental health). Conversely, the factor score coefficients for the Mental Component Summary (MCS) were positive for the summary scores in the mental health domain and negative for summary scores in the physical domain. Hays 12 An alternative scoring method for the SF-36 and SF-12 questionnaire items has been developed by Hays et al. 13 This method utilized item response theory (IRT) scoring to produce equal measurement intervals for each of the eight subscales and incorporated a correlated or oblique factor solution. 12 As a result, the physical and mental health summary scores are allowed to be correlated in this scoring method known as the RAND-36 and, in its short form, the RAND-12. The RAND Physical Health Composite (PHC) score uses only physical functioning, role-physical, bodily pain, and general health summary scores. No negative weighting is applied to those summary scores from the mental health domain. Similarly the RAND Mental Health Composite (MHC) score uses only the vitality, social functioning, role-emotional, and mental health summary scores in its calculations and no negative weighting is applied to summary scores in the mental health domain.
The results of these alternative scoring methods have very different outcomes in the final scores. In the Ware scoring to keep the PHS and MCS uncorrelated, a high score within the mental health domain will actually lower the PHS and a high score in the physical health domain will lower the MCS. The RAND scoring method utilized a correlated factor solution and does use the summary scores from one domain in the calculations of the final score for the other domain.
The standard scoring of the SF-36 and SF-12 questionnaire developed by Ware and the RAND-36 and RAND-12 method of scoring have been compared in various populations. The RAND-36 scoring performed similarly to the SF-36 scoring in a mostly non-Hispanic White population of general medical patients in the Western U.S. However, for each chronic medical condition, the RAND-36 showed a slightly larger decrement in mental health than did the SF-36.
14 Both the SF-12 and RAND-12 scoring methods performed well in a rural population in Australia, although, the range of scores from the RAND-12 was wider than those from the standard SF-12. The authors recommended use of the standard SF-12 scoring when distinct uncorrelated physical and mental constructs are required, while the RAND-12 scoring method be used if correlated physical and mental constructs are needed. 15 An Australian community-based survey found that those with high SF-12 physical health scores also had low mental health scores as a result of the SF-12 scoring method. They advise researchers to use caution when using uncorrelated factor scores if in fact the constructs are associated. 16 A study of people with type II diabetes found both the RAND-12 physical and mental health component scores to be significantly associated with measures of disease severity while the standard SF-12 scores were not. 17 To our knowledge, only two studies have been conducted among AIAN populations to evaluate the utility of the Short Form Health Survey measures. The SF-36 was used to assess health-related quality of life among 54 Pima Indian and showed favorable internal consistencies for SF-36 scales. 18 In an effort to understand the psychometric characteristics and factor structure of the SF-36 for an older American Indian population, Beals et al. conducted an analysis of the questionnaire items, using both exploratory and confirmatory factor analysis. 19 The results indicated that the SF-36 performed adequately in this population of older American Indians, but cautioned that "the use of summary scores assuming a differentiated physical/mental functioning structure is likely improper in at least some populations. " 19[p.208] The primary objective of this study was to evaluate the construct validity of the 12-Item Short Form Survey (SF-12) questionnaire in a cohort of AIAN people using two different known and recognized scoring methods, 1) the standard SF-12 scoring developed by Ware and 2) the alternative method of scoring, RAND-12.
10,13 Construct validity refers to the ability of a questionnaire to detect previously hypothesized associations to external criteria such as demographic or clinical variables. These associations have been widely evaluated for the SF-12 and to a lesser extent the RAND-12 in studies involving English speaking general populations [20] [21] [22] in studies of different disease-specific populations, 17, [23] [24] [25] [26] [27] and in studies of underserved populations [28] [29] [30] as well as studies involving non-English speaking populations. [31] [32] [33] To evaluate construct validity, we assessed the ability of the summary scales from both methods to detect hypothesized associations within the study population with health and lifestyle variables. Based on existing literature, we hypothesized that 1) women would have lower physical and mental health summary scores than men; 28,31 2) older participants would have lower physical health summary scores than younger ones; 28, 31 3) higher physical and mental summary scores would be associated with better perceived general health status; 28 and 4) those reporting specific chronic medical conditions as well as multiple chronic medical conditions would have both poorer physical and mental health summary scores although this would differ by scoring methods with the RAND-12 scores lower than the SF-12. 7, 14, 28, 29, 31, 34 Furthermore, the study examines the strength of the association of the sub-scores with various health and lifestyle variables by comparing the extremely low sub-scale score group to the extremely high sub-scale group on various health and lifestyle variables to evaluate differences within the population.
Methods
Study background. The study was part of the Education and Research Toward Health (EARTH) study, a pilot study to explore the feasibility of establishing a cohort of AIAN people. The purpose of the EARTH study was to determine how diet, physical activity, and other lifestyle and cultural factors relate to the development of chronic diseases. The study protocol was approved by the Alaska Area Institutional Review Board (IRB), the Navajo Nation IRB, Indian Health Service IRB, the University of Utah IRB, the research and ethics committees and governing boards of each of the participating regional health corporations, and the tribal councils of the participating communities. Study participants were 18 years of age or older, self-identified as American Indian or Alaska Native, gave informed consent, understood English or one of the tribal languages included in the study, and were eligible to receive care at the Indian Health Service. All participants signed an informed consent form before participating in the study.
Data collection. Detailed study methods have been described elsewhere. 35 Convenience sampling within communities was used with enrollment open all tribal members. Briefly, the baseline study visit consisted of an interviewer-administered Intake Questionnaire (usually administered by AIAN staff) that included demographic data such as education, employment status, age, and marital status; medical measurements that included height, weight, waist circumference, fasting glucose, triglycerides, total cholesterol, high density lipoprotein cholesterol, and very low density lipoprotein cholesterol; touch-screen audio computer-assisted self-interview (ACASI) diet history questionnaire (DHQ) that included use of alcohol and beverages containing caffeine; and a health, lifestyle, and physical activity questionnaire (HLPA), that included the SF12 questions, use of non-steroidal anti-inflammatory drugs (NSAIDS) and aspirin, physical activity, and information on a variety of self-reported medical conditions diagnosed by a doctor or other health care provider prior to the baseline study visit (see Table 1 ). 36, 37 As the SF-12 had not been translated and validated for administration in Yup'ik or Navajo, study protocol restricted the inclusion of the SF-12 questionnaire to only those participants whose baseline study visit was conducted in English. A total of 11,127 participants enrolled in the study from March 2004 through October 2007 had complete SF-12 data.
Statistics. Body mass index (BMI) was calculated using measured height and weight (kg/m 2 ). The presence of metabolic syndrome was defined using the definition of the Third Report of the National Cholesterol Education Program. 3, 38 Perceived general health status was based on the general health question of the SF-12 "In general, would Medical conditions included self-reported cancer, high blood pressure, high cholesterol, chronic obstructive pulmonary disease (COPD), asthma, liver disease, stroke, any heart disease, diabetes, gallbladder disease, kidney disease, any thyroid condition, any bone fracture after 18, and depression. The scoring protocol for the SF-12v1 was written in SAS following the scoring protocol recommended by Ware et al. 10 The summary scores based on the Ware et al. scoring method using 1998 population norms are referred to as the SF-12 Physical Component Summary (PCS12) or the SF12 Mental Component Summary (MCS12). An algorithm also was written in SAS using regression equations developed by RAND for the overall age-stratified sample. 13 Scores using the RAND scoring method are referred to as the RAND Physical Health Composite T score (PHC) or the base RAND Mental Health Composite T score (MHC). The SF-12v1 scoring allows three missing items for each subscale, whereas the RAND scoring method allows only one missing item for each subscale. Due to this discrepancy and the low frequency of incomplete questionnaires (115 out of 11,242: 1.0%), only those with complete SF-12 data (n511,127) were included in the analysis for both scoring methods.
Statistical analyses were performed using SAS version 9.1.3. (SAS Institute Inc., Cary, NC) Spearman correlations were performed for each of the four subscales: 1) PCS12, 2) MCS12, 3) PHC, and 4) MHC. (The RAND General Health subscore was not considered in this analysis.) Differences in means for each subscale were calculated using analysis of variance (a common method used for such testing) for gender, age differences, number of chronic diseases, self-reported depression, and general health. Type I error rate for pair-wise comparisons was controlled using Tukey's HSD (Honestly Significantly Different) test.
To compare the SF-12 and RAND-12 scoring methods, those who scored in the lowest decile for each component summary score were compared to those scoring in the highest decile Given the cross-sectional nature of the data, age-adjusted prevalence relative risks (PRR) for having a score in the lowest decile were calculated for various health conditions and lifestyle factors. These PRRs were calculated under a log-binomial model using the genmod procedure (SAS 9.1.3).
results
Population characteristics. Table 1 describes the 11,127 study participants. Participants tended to be female (62.4% versus 37.6%), between 31 and 55 years of age (54.2%), currently employed (44.1%), and had at least a high school education (71.1%). Less than half (43.4%) were currently married. The majority (73.2%) perceived their health status as good, very good, or excellent, and 64.5% percent self-reported having one or more health care provider-diagnosed medical conditions.
Comparison of PHC, PCS12, MHC, and MCS12 to gender, age, medical conditions, self-reported depression, and general health. The correlation between the PCS12 and MCS12 was near 0, r520.097 (p.0001), while the PHC and MHC were positively correlated, r50.500 (p.0001). Differences in mean scores for the PHC, PCS12, MHC, and MCS12 for male and female and for number of medical conditions (none, 1-2, 3 or more) were statistically significant (Table 2) . Females scored significantly lower than men on the PHC, PCS12, MHC, and MCS12. Those older than age 55 scored lower on both the PHC and PCS12 than younger people, there were no significant differences in MCS12 scores across age categories, and those 30 or younger had significantly higher MHC scores than the other two age groups. Individuals without self-reported depression scored significantly higher on the PHC, PCS12, MHC, and MCS12 with a greater difference in the means for the MHC and MCS12. The mean scores for the PHC, PCS12, MHC, and MCS12 for those reporting better general health were significantly higher.
Comparison of PHC, PCS12, MHC, and MCS12 to perceived health status. The relationship of perceived health status to the PHC, PCS12, MHC, and MCS12 is shown in Figure 1 . There were differences between the two scoring methods although the mean for each subscale increased directly with better perceived health status. However, the MHC and PHC scores showed a sharper percentage increase with better perceived health status than the PCS12 and MCS12 scores. The change in mean MHC and PHC scores between the excellent and poor categories increased by 46% and 62%, respectively, while MCS12 and PCS12 increased by 18% and 29%, respectively.
Prevalence relative risks. Figure 2 shows the PRRs for reported medical conditions and the PHC, PCS12, MHC, and MCS12 scores. Arthritis and number of medical conditions had the highest impact on risk ratios for both low PCS12 and PHC. Figure 3 shows the PRR for the MCS12 and MHC for medical conditions and lifestyle and socio-demographic factors. Self-reported depression and number of medical conditions had the greatest impact on risks for low MCS12 and MHC while lifestyle factors had a greater impact on risks associated with the MHC than the MCS12.
Discussion
This study supports construct validity from both the traditional SF-12 (PCS12 and MCS12) scoring method and the RAND-12 (PHC and MHC) method of scoring the SF12 questionnaire for this population of AIAN people. The four subscales used to score the SF-12 detected previously hypothesized differences and associations with other health and lifestyle variables. Female participants scored lower on all four subscales than men. Participants aged 30 or younger scored higher on both the PCS12 and PHC than older individuals. Those reporting more medical conditions had lower scores on all four subscales than those who self-reported fewer medical conditions. Participants who self-reported depression scored lower than others on all mental and physical subscales.
These summary subscales, which were originally validated in a predominantly non-Hispanic White population, are often used to measure health outcomes. While the literature examining the construct validly of the SF-12 in diverse populations is growing, no studies to date have compared the SF-12 scoring to the RAND-12 scoring in AIAN populations. In our data, PRRs were significant for all medical condition and lifestyle variables for the MHC and PHC. Using the SF-12 scoring all PRRs for medical conditions were significant for the PHS12, but there were few significant PRRs for the MCS12 for medical condition and lifestyle variables. Though both scoring methods were associated with general health status, subtle differences were observed in those relationships. Those who reported poor general health had similar PCS12 and MCS12 scores, while those who reported excellent general health had higher PCS12 than MCS12 scores. For the RAND scoring method, those reporting poor general health had lower PHC than MHC scores, while those reporting excellent general health, had comparable PHC and MHC scores. Additionally, those who reported more medical conditions were more likely to be in the lowest decile for the MHC than the MCS12. This finding is consistence with the literature, 19, 39 indicating that physical and mental health interact and the choice of scoring methods should be considered carefully. This is the largest study to date looking at health-related quality of life measures and health-related factors in AIAN populations; however, there are limitations. We only were able to administer the questionnaire to those participants who could speak English, since the questionnaire was not validated into Navajo or other AIAN languages and could not be translated. Thus, these results only apply to AIAN people who speak English. Given the cross-sectional nature of our data, we are unable to evaluate causal associations. Finally, we were limited to comparisons within the study population at the request of the participating tribes.
The objective of this study was to evaluate the construct validity of the SF-12 using two scoring methods. We have demonstrated the construct validly of both scoring methods. However, our data suggest that some differences in associations with other health and lifestyle factors result from the scoring method used in this AIAN population.
